A calculation of the heavy quark potential at finite temperature at strong coupling based on the AdS/CFT correspondence is presented. The calculation relies on the method of complex string trajectories previously introduced in [1] , and on the introduction of a modified renormalization subtraction. The obtained potential is smooth, negative definite for all quark-antiquark separations, and develops an imaginary part for r > r c = 0.870/πT . At large separations the real part of the potential does not exhibit the exponential Debye falloff expected from perturbation theory and instead falls off as a power law, proportional to 1/r 4 .
The first calculation of a heavy quark potential in vacuum for N = 4 SYM theory was carried out by Maldacena in [2] . There, the potential is obtained from the expectation value of a static temporal Wilson loop which, on the gravity side, corresponds to the action of the worldsheet spanned by an open string connecting the quark and the antiquark. Due to conformal invariance of N = 4 SYM theory, the potential is of Coulomb type:
with r is the distance between the quark and the anti-quark, λ the 't Hooft coupling and c 0 = 9 Γ 2 1 4 /(2 π) 3/2 . Soon after [2] calculations of the heavy quark potential for N = 4 SYM theory 10 at finite temperature appeared in [3, 4] . The potential obtained in these calculations starts out at 11 small r being close to the vacuum potential of Eq. (1), but rises steeper than the vacuum potential,
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becoming zero at a separation r * = 0.754/πT . For larger separations, i.e., for r > r * , the authors 13 of [3, 4] argue that the string "melts", and the dominant configuration corresponds to two straight 14 strings stretching from the quark and the anti-quark down to the black hole horizon. The resulting 15 potential is thus zero for r > r * and has a kink (a discontinuity in its derivative) at r = r * . Here its trivial infrared behavior plus the presence of discontinuities in its derivative (which leads to 19 infinite forces).
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In S U(N c ) gauge theory in Euclidean time, the heavy quark potential or, more precisely, the free energy, is calculated through the connected correlator of two Polyakov loops at spatial separation r:
where β = 1/T . Eq. (2) is the definition of singlet V 1 (r) and adjoint V ad j (r) potentials. In the
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AdS/CFT set up, the color decomposition of Eq. (2) agreement with the analysis of [6] 31
We calculate the singlet potential V 1 (r) according to the definition proposed in [7] in the real-time formalism: V 1 (r) is given by the expectation value of a static (temporal) Wilson loop via
with the temporal extent of the Wilson loop T → ∞. To calculate the Wilson loop in the AdS/CFT set up, we start with the AdS 5 black hole metric in Minkowski space
where 2 , z is the coordinate describing the 5th dimension and L is the curvature of the AdS 5 space. The horizon of the black hole is located at z = z h with z h = 1/πT . We want to extremize the open string worldsheet for a string attached to a static quark at x 1 = r/2, x 2 = x 3 = 0 and an anti-quark at
we write the NambuGoto (NG) action as
where z ′ = dz(x)/dx. Finally, the action in Eq. (5) contains a UV divergence associated to the infinite mass of the quarks which has to be subtracted out. Usually, the subtraction contains a finite piece as well [2, 3, 4] , which may be temperature-dependent in the case at hand. Here we will use the following subtraction: We define the quark-anti-quark potential by
strings were subtracted. It insures that the real part of the potential V(r) goes to zero at infinite 33 separations. The definition in Eq. (6) is consistent with the original prescription outlined in [2] 34 to find the heavy quark potential at zero temperature. Importantly, it is also consistent with our 35 choice of color representation, since only singlet configurations appear in the definiiton of V(r).
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What follows next is just a problem of classical mechanics: One has to find the string trajectories that minimize the NG action Eq. (5). In order to do so one has to derive and solve the EulerLagrange equations with the appropriate boundary conditions, z(x = ±r/2) = 0. The details of this calculation are explained in [5] . Importantly, the classical solutions can be parametrized in terms of the quark-antiquark separation r, the temperature T (both "external" parameters), and the maximum of the string along the 5th dimension, z max . The later is determined by the condition z ′ max (r, x = 0) = 0. We obtain the following expression for the heavy quark potential of the N = 4 SYM theory at finite temperature:
where F is the hypergeometric function. Importantly, the solutions for z max become complex potential has been previously observed in perturbation theory in [7] .
Several concluding remarks: First, Debye screening is the result of a perturbative calculation.
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Therefore, it may not be valid for distances of the order of r ∼ 1/(g 2 T ), where non-perturbative 63 effects may be important. On the other hand, one should also bear in mind that the particle con-64 tent of N = 4 SYM is quite different to that of QCD. In particular it does not include particles in 65 the fundamental representation (i.e. quarks), but only in the adjoint (The heavy quarks in our cal-66 culation ought to be regarded as external test charges). Since a charge in the adjoint cannot fully 67 screen a fundamental charge, it is reasonable to expect a milder screening. Finally, the power-law 68 fall off of the heavy quark potential has also been suggested in perturbative calculations [9] .
